Abstract 3,5-Dimethoxyhomophthalic acid is a key intermediate for the synthesis of highly biological active naturally and non-naturally occurring isocoumarins and 3,4-dihydroisocoumarins. It was synthesized efficiently in five steps from 3,5-dimethoxybenzaldehyde (1) via a series of reactions including synthesis of 3,5-dimethoxycinnamic acid (2) and 3-(3′,5′-dimethoxyphenyl)propionic acid (3), cyclization of 3-(3′,5′-dimethoxyphenyl)propionic acid (3) to 5,7-dimethoxy-1-indanone (4) and oxidative decomposition of methyl 2-hydroxy-2-(5,7-dimethyoxy-1-oxo-1H-inden-2(3H)-ylidene)acetate (5) to 3,5-dimethoxyhomophthalic acid (6). Natural isocoumarin, thunberginol B [3-(3′,4′-dihydroxyphenyl)-6,8-dihydroxyisocoumarin] (10) was synthesized by the condensation of 3,5-dimethoxyhomophthalic acid (6) with 3,4-dimethoxybenzoic acid (7) 
Introduction
Isocoumarin structures are important components in many natural products that exhibit a broad range of biological activitities including antiallergic and antimicrobial, 1,2 immunomodulatory, 3 cytotoxic, 4 antifungal, 5 antiinflammatory, 6 antiangiogenic, 7 anticalmodulin-sensitive cyclic guanosine 30,50-monophosphate phosphodiesterease 8 effects, and differentiation inducing activity against leukemic cells. 9 Isocoumarins 10 are also useful intermediates in the synthesis of a variety of important compounds including some isoquinoline alkaloids. 11 Thus, a number of methods have been reported in the literature for the synthesis of isocoumarins. 12 For example, in the last 10 years 3-substituted isocoumarins with no substituent at the 4-position have been synthesized either by a variety of traditional approaches 13 or by utilizing transition metal catalyzed reactions. 14 The synthesis of 3,4-disubstituted isocoumarins has received considerable attention too 6, 15 and, recently, a number of these compounds have been prepared in good yields via palladium-catalyzed annulation of internal alkynes. 15d However, this last catalytic method is somewhat limited in synthetic scope since it is highly regioselective only for symmetrical disubstituted acetylenes containing a highly sterically demanding group in the position adjacent to the carbon-carbon triple bond. Thunberginol B, a natural isocoumarin derivative, was isolated from Hydrangeae Dulcis Folium, the fermented leaves of Hydrangea macrophylla SERINGE var. thunbergii MAKINO, as antiallergic constituents. [16] [17] [18] [19] Thunberginol B (10) inhibited the histamine release from rat peritoneal mast cells induced by compound 48/80, calcium ionophore A23187, with IC 50 values of less than 100 µM. Structure-activity studies have shown that isocoumarins such as thunberginol A and B are more potent as histamine release inhibitors as compared to the dihydroisocoumarins such as hydrangenol, thunberginol D and E. [18] [19] [20] In addition, these thunberginols showed antimicrobial activity against oral bacteria.
18
Due to their biological importance, various routes were adopted to synthesize these compounds. [21] [22] We wish to report here a new convenient route for the synthesis of Thunberginol B.
Results and Discussion
We now disclose a short and efficient synthesis of thunberginol B 10 (Scheme 1). Key intermediate 3,5-dimethoxyhomophthalic acid (6) was prepared from commercially available 3,5-dimethoxybenzaldehyde (1), which on condensation with malonic acid in the presence of dry pyridine and piperidine yielded 3,5-dimethoxycinnamic acid 23, 24 (2) , which showed a characteristic broad singlet at δ 11.7 for -OH in its 1 H-NMR spectrum and C=C absorption at 1600 cm -1 in its IR spectrum. The mass spectrum of this compound showed a molecular ion peak at m/z 208, which agreed with its molecular weight. 3,5-Dimthoxycinnamic acid (2), on reduction with sodium amalgam, yielded 3-(3′,5′-dimethoxyphenyl)propionic acid (3), which exhibited a broad singlet at δ 11.66 ppm for COOH in its 1 H-NMR spectrum, which is exchangeable with D 2 O. The carboxylic carbonyl absorption in its IR spectrum was observed at 1722 cm -1 . The mass spectrum of this propionic acid 3 showed a molecular ion peak at m/z of 210 and a characteristic peak at m/z 165 [M + -COOH]. 3-(3′,5′-Dimethoxyphenyl)propionic acid (3), on cyclization with polyphosphoric acid, furnished 5,7-dimethoxy-1-indanone (4) and its structure was confirmed by two 3H singlets for OCH 3 at 3.80 ppm and 3.77ppm in the 1 H-NMR spectrum, while carbonyl absorption in the IR spectrum appeared at 1685cm -1 . The mass spectrum of the indanone 4 showed a molecular ion peak at m/z 192. 5,7-Dimethoxy-1-indanone (4) on reaction with diethyl oxalate in the presence of sodium methoxide in dry benzene gave methyl (2,3-dihydro-5,7-dimethoxy-1-oxo-1H-indene-2-ylidene)hydroxy acetate (5) and the structure of the latter was confirmed by a 3H singlet for -COOMe at 3.95ppm in its 1 H NMR spectrum. The IR spectrum of this ester showed two additional bands at 3600-3000 cm The mass spectrum of 5 showed a molecular ion peak at m/z 278. Methyl 2-hydroxy-2-(5,7-dimethyoxy-1-oxo-1H-inden-2(3H)-ylidene)acetate (5), on oxidation with hydrogen peroxide in the presence of potassium hydroxide, furnished 3,5-dimethoxyhomophthalic acid (6) , which showed a characteristic broad singlet at δ 11.2 ppm exchangeable with D 2 O for -OH. The two absorption bands for the carbonyl groups appeared at 1748 and 1697 cm -1 in the IR spectrum.
The mass spectrum of this compound showed a molecular ion peak at m/z 240, which agreed with its molecular weight. Complete demethylation of this isocoumarin 9 with hydrobromic acid (48%) in acetic acid gave 3-(3′,4′-dihydroxyphenyl)-6,8-dihydroxyisocoumarin (10). The IR spectrum of the latter showed a broad absorption at 3386-3360cm -1 for the phenolic OH group. In the 1 H NMR spectrum, the signal at δ 3.83 ppm for the methoxy groups in 9 had disappeared.
Experimental Section
General Procedures. All reagents and solvents were commercially available and used as supplied. 
3-(3′,5′Dimethoxyphenyl)propionic acid (3).
3,5-Dimethoxycinnamic acid (2) (25g, 0.1mole) was dissolved in IM solution of sodium hydroxide (93ml) contained in a 500ml two-necked flask equipped with a mechanical stirrer and added sodium amalgam (286g) gradually during 1 hour while the mixture is well stirred. When hydrogen was not evolved, the mercury was separated and washed with water. Washing was added to the solution and acidified the whole mixture with dilute hydrochloric acid (1:1). 3-(3′,5′-dimethoxyphenyl)propionic acid (3) was precipitated at first in the form of oil, which solidified on cooling and rubbing with a glass rod. Filtered at the pump and recrystalized with pet. ether gave 3-(3′,5′-dimethoxyphenyl)propionic acid (3) 
5,7-Dimethoxy-1-indanone (4).
3-(3′,5′-Dimethoxyphenyl)propionic acid (3) (23g, 0.1 moles) was dissolved in 250g of hot poly phosphoric acid at 80°C. The resulting yellow solution was heated on oil bath with stirring for 2 hours. The cooled solution was added to ice water (500ml). The mixture was extracted with ethyl acetate (3 × 150) and washed the combined extracts with 5% sodium hydroxide solution and then with water until the washings were neutral. Dried the ethyl acetate solution over magnesium sulphate. The organic layer was concentrated and purified on silica gel using pet. ether (40-80°C) as eluent to afford 5,7-dimethoxy-1-indanone (3) 
Methyl 2-hydroxy-2-(5,7-dimethyoxy-1-oxo-1H-inden-2(3H)-ylidene)acetate (5)
. Sodium (15.2g) was dissolved in methanol (27.5g) and benzene (440 ml) was added to this solution. Indanone (4) (20g, 0.1 mole) was added in portions with good stirring, then diethyl oxalate (38.5ml) was added as single aliquot and the mixture was stirred for over night at room temperature. Hydrochloric acid (5%) was added under ice cooling to the residue obtained after removal of the solvent, to give a final pH of 1.0. The precipitate that deposited was collected on a filter, washed with hydrochloric acid (5%), then with water, and dried. The solid thus obtained was crystallized from methanol to give methyl 2-hydroxy-2-(5,7-dimethyoxy-1-oxo-1H-inden-2(3H)-ylidene)acetate (5) 
3,5-Dimethoxyhomophthalic acid (6).
A solution of methyl 2-hydroxy-2-(5,7-dimethyoxy-1-oxo-1H-inden-2 (3H)-ylidene) acetate (5) (26.5g, 0.1 mole) and potassium hydroxide (20.8g) in water (442 ml) was cooled to 5-10 °C, and hydrogen peroxide (90.0g, 35%) was added. The reaction mixture was stirred at this temperature for 6 hours. When the temperature was gradually raised to 50 °C, vigorous frothing occurred. After stirring for a further 2h at this temperature, the reaction mixture was filtered and the filtrate was acidified with concentrated hydrochloric acid. The crystals that precipitated were collected by filtration and the filtrate was extracted with ethyl acetate (4 × 30ml). The solvent was evaporated to give solid residue, which was purified by recrystalization from dichloromethane to give 3,5-dimethoxyhomophthalic acid (6) Freshly distilled hydro-bromic acid (55%, 16 ml) was added to stirred solution of isocoumarin (9) (0.38g, 1.1mmol) in glacial acetic acid (16ml). Reaction mixture was then refluxed for four hours, cooled and poured on crushed ice and then treated with solid sodium carbonate till pH-7 and extracted with diethyl ether (2×30 ml), dried (Na 2 SO 4 ) and concentrated to give crude solid which was purified by HPLC to get 3- 
